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Attorney Docket N .: 104023-665-PRO 

TITLE 

[0001] System And Method To Reduce Metal Series Resistance Of Bumped Die 

FIELD OF THE INVENTION 

[0002] This invention generally relates to reducing series resistance of metal 

5 interconnects on semiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The figures below depict various aspects and features of the present 

invention in accordance with the teachings herein. 
DESCRIPTION OF THE INVENTION 

10 [0004] The aspects, features and advantages of the present invention will become 

better understood with regard to the following description with reference to the 
accompanying drawings. What follows are preferred embodiments of the present 
invention. It should be apparent to those skilled in the art that the foregoing is illustrative 
only and not limiting, having been presented by way of example only. Alternative 

15 features serving the same purpose, and equivalents or similar purpose may replace all the 
features disclosed in this description, unless expressly stated otherwise. Therefore, 
numerous other embodiments of the modifications thereof are contemplated as falling 
within the scope of the present invention as defined herein and equivalents thereto. Use 
of absolute terms, such as "will not" "will," "shall," "shall not," "must," and "must not " 

20 are not meant to limit the present invention as the embodiments disclosed herein are 
merely exemplary. 

[0005] Metal interconnects on a semiconductor die contribute to the electrical 

series resistance of a device using the die. The added series resistance can degrade the 
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performance of many devices including high speed devices, high frequency devices, low 
on-resi stance power devices such as power MOSFETs, power BJTs (bipolar junction 
transistors), power diodes, etc. 

[0006] It is know, that the series resistance associated with the patterned 

5 metallization layers can be reduce by using thicker metal layers or using metals with 
lower resistivity. A disadvantage with using thicker metal films, however, it that they 
require longer process time for deposition and etch, which in turn increases 
manufacturing costs. Even replacing the standard Al based metal with more conductive 
materials such as Cu or Au does not negate the disadvantage because the use of Cu or Au 
10 typically requires specialized and/or dedicated equipment, increasing process complexity 
and cost. 

[0007] The present invention solves these disadvantages by utilizing the 

conductive metal film deposited and patterned during the wafer level wafer bumping 
process. This metal layer is usually referred to as the under bump metal ("UBM") which 

15 is used to attach solder balls to the top metal layer of the silicon die. A typical UBM is 
an AINiVCu film approximately 2um thick, although other metals and thickness can be 
used. This film, is comprised of a copper layer to provide good conductivity with the 
solder ball, an aluminum layer to contact the metal layer below (such as M3 shown in 
Figure 1, which is in one embodiment is made of aluminum), and a nickel-vanadium 

20 layer in between the copper and aluminum layers to provide good conductivity and 
prevent metal migration. The above is only an example ~ other metals and thicknesses 
may be used. These are typically predetermined by a particular manufacturer's process 
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and usually can only be changed in a limited fashion, for example, specifying better 
conductivity, depending on the manufacturing process. 

[0008] Figure 1 shows a typical design where the UBM layer is normally present 

under the mounting site for the individual solder balls. In particular, Figure la shows a 
5 cross-sectional view of a solder ball on top of the UBM layer, which is partially covered 
by the bump passivation layer. Figure lb shows a top view of the UBM layer partially 
covered by the bump passivation layer without the solder ball with the dotted line 
indicating that portion of the UBM layer under the bump passivation layer. 
[0009] Using this design, current flowing through, for instance, the right side to 

10 the solder ball will flow through metal layer 1 (shown as "Ml") to metal layer 2 (shown 
as U M2") to metal layer 3 (shown as "M3"), along M3 to the left, through the UBM layer 
and to the solder ball. To minimize the series resistance, present techniques would 
increase the thickness of M3 or use a material with better conductivity in M3. 
[0010] In contrast, the present invention uses the UBM to reduce the series 

15 resistance. In particular, Figure 2 illustrates one aspect of the present invention which 
reduces the series resistance associated with the top metallization layer of the 
semiconductor device by increasing the size of the UBM layer. The passivation layer 
and UBM metal layers are patterned such that the UBM metal is present above and in 
greater contact with the top metal layer (f.e., M3). As shown in Figure 2a, the UBM layer 

20 is extended further under the bump passivation layer and covers more of M3, which in 
effect, makes that area thicker. The presence of the larger UBM layer can significantly 
reduce the resistance of the top metallization layer thereby reducing the series resistance 
of the device. Figure 2b shows a top view of the UBM layer of the present invention 
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partially covered by the bump passivation layer without the solder ball with the dotted 
line indicating that portion of the UBM layer under the bump passivation layer. 
[0011] Figure 3 shows another embodiment in accordance with another aspect of 

the present invention. In particular, Figure 3 patterns the UBM metal as described above. 
5 By doing so, the thickness of M3 can be reduced from the typical range of 3um to the 
range of lum or less, thereby saving time and material and reducing wafer processing 
cost. The UBM layer, in greater contact, with the top metal layer, compensates for the 
thinner top metal Figure 3 a shows the thinner metal layer used. Figure 3b shows a top 
view of the UBM layer of the present invention partially covered by the bump passivation 
10 layer without the solder ball with the dotted line indicating that portion of the UBM layer 
under the bump passivation layer. 

[0012] Figure 4 depicts another embodiment in accordance with another aspect of 

the present invention that further simplifes wafer process complexity and cost. In this 
exemplary embodiment the UBM layer replaces the top metal layer M3. This results in 
15 the elimination of the Vias (shown in Figure 1) and M3 masking and process steps. This 
is shown in Figure 4a, with Figure 4b showing a top view of the UBM layer of the 
present invention partially covered by the bump passivation layer without the solder ball 
with the dotted line indicating that portion of the UBM layer under the bump passivation 
layer. 

20 CONCLUSION 

[0013] Having now described preferred embodiments of the invention, it should 

be apparent to those skilled in the art that the foregoing is illustrative only and not 
limiting, having been presented by way of example only. All the features disclosed in 
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this specification (including any accompanying claims, abstract, and drawings) may be 
replaced by alternative features serving the same purpose, and equivalents or similar 
purpose, unless expressly stated otherwise. Therefore, numerous other embodiments of 
the modifications thereof are contemplated as falling within the scope of the present 
invention as defined by the appended claims and equivalents thereto. 
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